Introduction
Displaced proximal humeral fractures remain difficult to treat, mainly because achieving stable fixation that maintains intraoperative reduction is unpredictable. Locking plate fixation has the potential to provide greater fixation in the proximal humerus than standard internal fixation techniques, offering a greater load to failure and the requirement for less soft-tissue dissection along the humeral shaft. 1 However, some studies show variable results with high rates of screw perforation of the articular surface or varus collapse of the fracture, especially in osteoporotic bone or in fractures with medial metaphyseal comminution. [2] [3] [4] [5] [6] [7] [8] Adequate mechanical support of the medial column may be obtained by achieving an anatomically stable reduction with a medial cortical contact or, in the case of medial comminution, by placing a superiorly directed oblique locking screw in the inferomedial region of the proximal fragment. Indeed, studies show that fractures treated with either anatomic reduction or screws in the inferomedial humeral head for which no medial column support was obtained had a high incidence of failure. 3, [9] [10] [11] [12] An intramedullary fibular allograft used together with a locking plate fixation has been recently described in biomechanical studies to provide additional medial support and prevent varus malalignment. 13 The purpose of this study was to evaluate the clinical and radiographic outcomes of a locking plate with fibular allograft augmentation in unstable humeral fractures. We hypothesised that a fibular strut graft as an endosteal implant would be a safe and valuable option to maintain reduction in proximal humeral fractures with metaphyseal comminution.
Materials and methods
We prospectively followed a selected series of 17 patients (7 men and 10 women) with unilateral displaced proximal humeral fractures treated at our institution between April 2008 and May 2010 by locking plate fixation with intramedullary fibular strut graft augmentation.
Inclusion criteria into the study were closed displaced threeand four-part proximal humeral fractures in adults with disrupted medial hinge and significant metaphyseal comminution or insufficient osseous contact. Open fractures, pathological fractures, unreconstructable head and/or tuberosity fragments and two-part fractures were excluded from the study. The median age of the patients at the time of the operation was 62 years (range, 54-73 years). The mechanisms of injury included a fall while walking (13 patients), motorcycle accident (2), a sports-related accident (1) and a fall from an elevated height (1) .
Preoperative evaluation included plain antero-posterior (AP) and lateral X-rays as well as a computed tomography (CT) scan used to evaluate displacement. There were four type A, five type B and eight type C fractures, according to the Arbeitsgemeinschaft fü r Osteosynthesefragen (AO) classification.
14 Eleven fractures were 3-part and six fractures were 4-part, according to the Neer classification. 15 
Surgical technique
All procedures were performed by one of the authors (RA). A complete description of this technique has been published previously. 7 Patients were placed in the 'beach chair' position on a radiolucent operating table under general anaesthesia. A deltopectoral approach was performed for the first seven cases and an anterolateral deltoid-splitting for the remaining cases. Nonabsorbable sutures (No. 5) were placed in the rotator cuff tendons to allow traction and control of the tuberosity and the humeral head fragment. Two 2.0-mm threaded K-wires were placed in the cancellous surface of the humeral head fragment acting as a 'joystick' for initial reduction. In all cases, the fibular allograft was used as a medial strut augment. Fibular allograft was cut with a sagittal oscillating saw on the back table to an appropriate length. The fibula was inserted into the canal through the lateral fracture lines and pushed distally beyond the level of the head. It was then medialised maximally to the calcar region to indirectly reduce the medial column and advanced retrograde into the subchondral bone to lift the head superiorly.
The locking plate (for nine cases: Proximal Humerus Internal Locking System PHILOS, Synthes, Mezzovico-Vira, Switzerland; for eight cases: Periarticular Locked Plating System PERI-LOC, Smith & Nephew, Memphis, TN, USA) was then secured to the lateral humeral shaft distal to the fibula. If the medial column reduction could not be restored and comminution existed, the fibular allograft was used as an indirect reduction tool. A screw pushed the fibula medially until it apposed the medial cortex of the humerus, and indirectly reduced the medial column. If anatomical reduction was achieved, locking screws were placed through the fibula into the humeral head and shaft to secure its position. Meticulous repair of the rotator cuff was carried out, and the wound was closed with a drain placed under negative suction, which was removed after 48 h. Prophylactic intravenous antibiotics were administered until the drain was removed, usually after 24 or 48 h. Postoperatively, the arm was supported in a sling. Pendular movements were started from the first postoperative day and the shoulder was mobilised with passive assisted exercises, followed by active exercises after 3 weeks.
Clinical and radiographic follow-up was performed at 1 month, 2 months, 6 months, 12 months and 2 years, postoperatively. The minimum follow-up was 13 months (average, 28 months; range, 13-56 months).
Clinical examination included range of motion (ROM) of the affected extremity made with a goniometer; and classification of pain, according to the visual analogue scale (VAS), from 0 to 10; and the Short Form 36 (SF36) survey. 16 We also analysed the ConstantMurley shoulder scores for the operated and non-operated shoulders and the Disabilities of Arm, Shoulder and Hand (DASH) shoulder score. 17, 18 Return to previous activities/occupation was also recorded. Radiologic follow-up included AP and lateral plain X-rays and measurement of the angle between the humeral head and the shaft in the AP view after healing. According to the recommendations of Jiang et al., less than 58 varus or valgus alignment in the AP view were considered anatomic. 4 The 'humeral head height' relative to the plate was measured for each radiograph, both initially and at the final follow-up, which allowed for subsequent analysis of loss of reduction. This measurement was done by drawing two lines, both running perpendicular to the shaft of the plate; one was placed at the top edge of the plate and the other was placed at the superior edge of the humeral head, and the distance between these two lines was measured and designated as the head height. 3 A change in the humeral head height greater than 3 mm was considered to be a loss of reduction. Complications were recorded, such as collapse of the fracture, screw penetration, avascular necrosis, peri-implant fracture, infection and need for further surgery.
Results
No patients were lost to follow-up. All fractures healed clinically and radiologically. The mean Constant score at final follow-up was 79 points (range, 56-100 points), representing 83.7% of the median Constant-Murley score of the unaffected shoulder. The median range of shoulder motion was flexion, 1498 (range, 93-1788); extension, 478 (range, 40-528); internal rotation, 408 (range, 25-708); external rotation, 658 (range, 45-908); and abduction, 1358 (range, 80-1808). The median VAS pain level was 1 point (range, 0-2 points). The median DASH score was 33 points (range, 22-52 points), and the median SF36 was 83 points (range, 67-97 points). Fifteen (88.2%) patients returned to previous activities or occupations. Two patients experienced restrictions to activities or assumed a different occupation.
Alignment in the AP view was anatomic in 16 patients; however, slight (98) varus alignment was noted in one patient. There was no collapse of the humeral head or screw penetration of the articular surface for any of the patients. The change in humeral head height between postoperative and the final follow-up X-rays averaged 0.3 mm (maximum, 1.7 mm). Medial cortical continuity was restored in all cases and the fibular allograft showed progressive incorporation into the proximal humerus (Figs. 1-4) .
Of the minor complications, one patient had a superficial infection during the early postoperative period. The patient was placed on oral antibiotics for 2 weeks and the infection healed without complication. None of the patients presented with any of the major complications, such as subacromial impingement, neurovascular injury, loosening of implant or osteonecrosis of the humeral head.
Discussion
The purpose of this study is to analyse the clinical and radiographic outcome of a new technique to treat unstable humeral fractures with locking plate and fibular allograft augmentation. We found recovery of good clinical results in all patients, no collapses of humeral head or screw penetration of the articular surface and healing of the fracture with no change in humeral head height between X-rays taken postoperatively and at the final follow-up.
The first clinical experience of this technique to be reported in the literature by Gardner et al. showed encouraging results, with 7 out of 7 fractures healing without a loss of reduction or fixation stability. 13 Later, Neviaser et al. reported low rates of reduction loss (2.6%), screw cut-out (0%) and osteonecrosis (2.6%), as well as high clinical outcome scores in a series of 38 patients with displaced proximal humeral fractures treated with locking plate fixation and an endosteal strut augment. 19 Biomechanical testing showed that medial support with an intramedullary fibular graft and angular stable fixation increased the overall stiffness of the bone-implant construct and reduced migration of the humeral head fragment, as compared with the locking plate alone. [20] [21] [22] [23] In cadaveric specimens, Chow et al. showed how fibular allograft augmentation could increase the strength of the locking plate to withstand repetitive varus loading. None of the augmented constructs failed prior to 25,000 cycles, while 6 of the 8 nonaugmented constructs failed at an average of 6604 cycles. 21 Furthermore, tests under increasing loads showed that the maximum failure loads and stiffness in the locking plate with intramedullary fibular grafts were significantly higher than those in the locking plate alone. 20 Osterhoff et al. recently tested a similar construct in synthetic bone of a proximal humerus locking plate augmented with an intramedullary fibular allograft strut. Significantly lower intercyclic fragment motion, lower overall fragment motion and a lower residual gap-distance deformation after 400 cycles of loading was recorded for the group with the fibular graft when compared with the conventional technique. The augmented construct was also stiffer and had a higher ultimate load to failure. 23 The limitations of our study are as follows. First is the use of two different surgical approaches and two types of locking plate. However, we believe that this could not be a confounding variable for the primary purpose of our study that was to study the mechanical support of a fibular graft in maintaining proximal humeral fracture reduction. Second, we had no control group of similar fractures treated with alternative methods and cannot make direct comparisons of other treatment methods. Our findings encourage the use of fibular allografts and locking plates for the treatment of proximal humerus fractures with medial comminution to restore the integrity of the medial column, support the humeral head and maintain reduction until fracture healing. Furthermore, the fibula allograft was useful in reduction of the fracture as an indirect tool and at the same time as a mechanical support for the humeral head.
Conclusion
Locking plate with fibular graft augmentation is a reliable and promising technique to support the humeral head and maintain reduction in the treatment of proximal humeral fractures with medial comminution. We advise the use of this technique in proximal humeral fractures with medial comminution to restore the integrity of the medial column, support the humeral head and maintain reduction until fracture healing. This technique may minimise the most frequent complications reported with proximal humeral locking plates, and allow for early and aggressive physiotherapy.
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